Variation in the assays of uniform control serum commonly are assumed to represent day-to-day analytical variation. To test this assumption, we compared the differences between results of serum aliquots assayed immediately for 12 constituents and frozen aliquots accumulated and assayed on a single day with the results of control serum variation from the same period. One aliquot of each weekly sample was stored frozen. Eleven subjects were sampled for 12 weeks. Storage at -20 #{176}C for 15 weeks had a mild destructive effect on two enzymes in serum. The control serum data revealed significant linear trends in magnesium (upwards) and alkaline phosphatase (downwards) that substantially increased the respective variances. In the other 10 constituents tested, comparison of variances indicated that long-term (weeks) variation in control serum assays is similar to the difference of variation between aliquots assayed immediately and those frozen and assayed at the same time. For these constituents, this finding justifies the use of control serum to estimate long-term analytical variation. 
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Materials and Methods

Protocol
A group of 11 subjects was selected for availability, a state of apparent good health, and motivation to cooperate in this study. They were members of the staff of our research institutes (Institutes of Medical Sciences) with similar occupations:
scientists, technologists, and research administrators. Two women and seven men ranged in age from 25 to 35, one woman was 63, one man 64. These persons were examined to determine their state of health and rule out medication or diagnosable disease. They were instructed to eat a light evening meal the night before sampling, not later than 2000 hours, and to avoid alcoholic beverages.
After an overnight fast, they presented for blood collection between 0830 and 0900 hours the following morning.
Specimens were obtained for 12 consecutive weeks. Blood samples were collected from the median cubital vein by gravity with large-bore needles, without a tourniquet; the serum was separated 1 h after collection. Each weekly serum sample of each subject was separated into six aliquots; one duplicate pair of aliquots, subsample Type A, was stored at 4 #{176}C overnight and assayed the next morning; another pair, Type B, was stored at -20 #{176}C for one week, thawed, thoroughly mixed, and assayed in the same run with the next Type A specimen from the same person; the remaining pair of aliquots, Type C, were stored at -20 #{176}C until the l5th-l7th week, when each constituent of the C-samples from the same subject were assayed together in one day. The purpose of the Type C-samples was to eliminate long-term analytical variance while retaining physiological variance. The use of these samples in conjunction with Types A and B is explained in more detail in the next section. Uniform control serum3 samples were assayed in the same runs with the subject samples, but the duplicates of both subject and control sera were placed in random positions in the sample trays.
Chemical analyses were performed with mechanized and automated instruments to avoid manual pipetting and other error-prone manipulations.
Calcium and magnesium were determined by an automated method (6) We also compared the three sample types with respect to differences of mean values. Since the variances of results from Type C samples may be expected to be significantly less than from Type A or B samples because long-term analytical variation is eliminated in Type C, a standard analysis of variance is not entirely valid. Instead, a nonparametric ranking procedure was applied whereby the smallest of the three sample means for each individual and test was assigned rank 3, the next rank 2, and the largest rank 1. Ranks were then arranged by sample type over all subjects and the averages compared using Friedman's x2test for ranks (19 On the null hypothesis of no difference among average ranks the statistic
is distributed approximately in a chi-square distribution with p -1 degrees of freedom, where S1 is the sum of ranks for the i -th sample type, p is the number of such types (3), and c is the number of subjects (11).
Results
Comparison of Means
The chi-square test of ranks showed significant differences (P < .05) among the means of the different types of samples with respect to calcium, magnesium, phosphate, and the three enzymes. These results were confirmed by inspection of the mean values for each individual and sample types. Average differences (Table  1) were small in the case of calcium and phosphate, but larger for the enzymes and magnesium. There was a consistent loss of activity of aspartate aminotransferase and alkaline phosphatase in all Type C samples, averaging 11.3% and 11.5%, respectively. For lactate dehydrogenase the average difference was in the opposite direction. This was a net effect, because of an increase of activity in eight of the 11 subjects, averaging 7.6%, and a decrease averaging 1.8% in samples from the other three individuals. In nine of 11 individuals, the calcium increased slightly (1.9%) in sample C; magnesium increased consistently in all individuals by 3 to 10% (average 6%); phosphate increased an average of 1.4% in 10 of the 11 subjects. For the other six constituents, there were very small (average, <1%) negative and positive changes.
Thus, in half the blood constituents measured, long-term storage (about eight weeks, on the average) generally produced a significant change in concentration (Table 1) . On the other hand, frozen storage for one week only (Type B samples) produced little or no effect, a slight decrease in aspartate aminotransferase and alkaline phosphatase, averaging about 2%, being the only statistically significant
finding. This would suggest that the changes in the enzymes and magnesium on longerterm storage represented a continuing trend rather than a step change that occurred soon after storage began.
However, individual graphs revealed that in almost all cases where a trend was observed in data from Type C samples, it was accompanied by similar trends in the corresponding results for Types A or B samples, or both.
Moreover, the increases or decreases (enzymes and magnesium) in Type C samples as compared with Types A and B samples in these individual graphs appeared to occur in randomly varying amounts independent of length of storage. Thus, there was no need to adjust Type C variances for storage-induced trends. Table 1 also lists the mean values of the control serum measurements.
In all constituents except total protein and albumin, the serum control means were less than the subject sample means. The percentage differences were comparatively minor in most cases but were larger for cholesterol, uric acid, and the enzymes.
Regression analysis of the data for the control serum, which included about three times as many daily means as the Type C subject samples, showed increasing trends in magnesium and lactate dehygrogenase, and a decreasing trend in alkaline phosphatase.
The trend in lactate dehydrogenase, although statistically significant, introduced only a small increase in variance (12%). However, the trends in magnesium and alkaline phosphatase increased the variance of the control serum data by at least 50%.
Comparison of Variances
For each constituent we can now compare the average intra-individual variances s'(AB) and s. Table 1 , the mean cholesterol in the control serum was noticeably lower than the subject means, and variance may be directly correlated with mean value. On the other hand, in lactate dehydrogenase and uric acid s was very close to or slightly higher than s, although the control serum means for these constituents were also less than the corresponding subject means.
Finally, we note again, as we did at the beginning, that part of the variation observed in measurements of subject samples arises from sources not associated with the analytical procedures [called "preinstrumental" sources by Bokelund et al. (2) ], and therefore not contributing to the variation seen in control serum data. We have attempted to minimize the effects of pre-instrumental sources by rigid adherence to a defined protocol for the collection of fasting samples. In any case, despite potential differences in sources of variation, our results indicate close similarity between control serum variance s/ and the comparable variance s obtained from Types A, B, and C samples. In all constituents tested, except magnesium and alkaline phosphatase, these data support the practice of using analyses of uniform batch control sera to estimate long-term analytical variance in patients' samples. However, further studies of this difficult question would be welcome.
